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(54) Method and apparatus (6r therapeutic electromagnetic treatment 

(57) A therapeutic treatment device for treating a 
treatment region comprising an incoherent pulsedL HgW 
source operatile to provide a Bght outpulfbf treatment, 
a power supply connected to the Bght source, a housing 
Including a reflector and having an opening, wherein the 
right source is disposed within the housing and the 
reflector reflects Dght from the light source to the open- 
ing. A flexble Bght guide is disposed t>etween the open- 
ing and the treatment region, wherein the Bght guMe 
receives the Incoherent Bght from the light source and 
transmits the fight to the treatment region and the Bf^ 
source, reflector and Bght guide cooperate to provide 
between 6 and 100 J/cmg to the sWa 

The light giide transmits Bght having a predeter- 
mined angular divergence, wherein the divergence is 
selected In response to a desired treatment depth. 
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DescrfpUon 



tvJI^TlSJ'lllfJ"*''''**'**^ P** o>Denenno United States application Swtal Nix 07A642ia fM 
condaons which may be treated 1^ laser radiation are «tem^ 

^tT^!^ Cptfrnized tor the particular sMn condition and vessel size belna treated. 

and. if tt» pute^widSJ^J^n^^^ sWn. heat the surrounding^ 

.enothsarre,,SrJ?.^j:SCS^^^ 

torlvlholonoarpatholliBhttolhev^^^^^^^'^''**'*'*'*'*^ 

toproAIeallBh^ureeLSlnraw^ Therefore. HIsdeshaMe 

mem.v«,ha^U«ne?^2eSSr^^ 
P">^ nonlaser l)S2^S^sS^ 
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^r^^^^^^^f^"^^ *• wme oulpul powsr and have (he potential of being more effldert md 
more reliable. Th^hawavi^fcspeelialranQethateaniw optimized fcrav^ 



These 
8tdn treatments. 



«^«CWlamps(n!osma«optlcainwB.Pofewmple.U&Pate»«lto i988toQ«Z« 
> -nethod torlbeusha incoherent point sowceslth smanffla^enti or ^kZ^ a^'e^S^ 

beraiise 01 tlw sman size d the source. Alsa U S. Patent Na 4.022^4. issued May 10 1977to 1^^ 
^ ^P««*«-b,afia.h.ubeand.heconecti«,ofoolyasnw« 

KoSS^ output Ola hJBhintensfty, extended, pulsed tight soun« 

ii^^S:^ " "T*"^ coextersively with the opening. PoweTlo the lanp bpwSXTvw^^ 
an Opening In the housnQ to a Skin area (6r treatment iiyiuwwpwinrajgn 

i«>SSh*p2^t^^ 

.sconSrAr«.^gCi^:s2rs^^ 
^^^^^^^^ 

s:«^:s:^nreS2u':;s^r'^"^ 

SSJ^LIe'^^S^^,^''"'*'''*^'^'^**^'^ 

Figure 5 is a side vfew of a toroidal flash tube; 

Figure 6 is a top vleidf of a toroWal f lash tube; 

Figure 7 shows the geometry for ooupGng into a correal section- 

att'eJlje?'^^'*^ 
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^urell bafrortvfe*<rfacouplertorcoiplingnom^ 
^I'eiaisafichefmilcconfij^ 

Rgureushawanangulardistrbutonofphot^ * 
FiQUfelSshowaBflhtguMeprovidlnoalaiBeafVilafd^ * 
Rgure 1 6 shows a fight guide providing a narrow angular divargenoe* 
Rgure 1 7 show a spectra produced wim a flashlanp cw 
Figure 18 shows a spectra produced with a flashlanp currert <rf 200 aiTO 
^ Rfluro 19 shows a QTO driver circuit for a flashlampi 

^^^^ are used to describe like cooponents. 

««»ff?i"?S?S5* ^ entKXfiment of the invention in detail it is to be understood that the invention is not 
SSS^oJCS^SillfS^^ ^ theconpSs^lJS 

r^^'Z-^ti^nTb^ 

iwuBn^Mooa Ntt Lsses available from ILC. The speetrun ta DgW emitted by aas fined linear flashlamn « 
acWeyed »nfh Ihe toeusmg airanoemem sh«m h Rju^ 

t«iS^t^^,i^^2!^^^'^'T-''^ '*<"*"«*"«>rescentmatertaldepoeifedonH. Gla«tube15«ill 
^I^™^, J^*^ eoaoulaf on of blood vessels fo optimize the energy eflidencv of d«<MlOT?»flS 

tuba is MMSail IM^^I-^^li ^ 

1 ne ms TO iwy be Closed to provide a minimum exposure length of one milBn^ 
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^ «««™i*yjf"0lon9er (lash lubes or nuttiple lubes, and smaOer exposOT^ean^Sblf^rS 

ttrtmoreeonpleleVeolHmateelhebeaniThepresert*^ 

tears Of poW sources and 1$ veiy ell8e«« In fte eoBQuWIon 5 bl«^ 

toj^andabsorpaoneoerdenmofthesMaTS^^ 

» ^^e-wintrealmempulsaMeasurenwrtoftheopliealpfopertiesoflhesMn^ 
fej«9Mtodetenrineoplin«ltreaIme«eo™ffltor^ 
-Mj««^aou«,««b.e..^ 

taneoj«s«n,en^mt..a7heoperasono(thepu1sod^;^rc^^ 

^SdZ!^^ ^^ ir''-'^'**^'^"^^*^ cause sun 

« thelheSS?S^S?lS'f^ 

d.4CI.4«CpJ« 

where 

k « heat conductivity of the material being iOuminated; 

^- the putee^width of the light pulse: 
» Co the heat capacrty of the material; 
P- density of the material. 

S^^^rZ^S^t^l'^** P<»^« <° "^Weve effioent eoagulafioTTypleal Wood S^LjSlS 
^ t™Mfl«'a«asWainp<«vanbya8lngleel«^ 



«edlosele«amonBlhree6apaeito»C1.C2andC3«v«areehan,edbymehiBhv^^ 
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honal variation can be achiwedbyfrinoPFrfssequeitf^^ It toe«mrte.ft»P^lMS«J«r^^ 
(»ilse|»ndW^ rt this operation o» th« sy^ 

^ TSitt^^ ^ S are capable of carrying the current of flashtemU 

:sLtr:sr««"s^S'4r^ "^'^ are sec«ss^«^e s-srizii 
™-^c=rrbe-^::XK^"^ 

l>af»rtcf).orus9ofaswitchwltf.«toshoandop*nInoeap*IM«8. '^""■'"""•••"•"••''^•"•ew*. 

■^pfcaDy. tor operation of flashtamp Mwithan eloetrfcalputee^mldthof 1 to lOmsac. a hear elaeMeal 
srtybvUot100to30Wtoncanbeused.Mene.Bydensityo^0t^^ 
flasNanp bore diamete, of 5nm Tl» use Of a to^L ban*.S^ 

«^^«^,ad«.K«lnthedesiredrang^enal«^ 

ranoe'S^JiS^tS ^^ST*^ ^ h the range of 0.5 to 1 0J/cm* with putee-wa»» In t>» 

rse^^Tcrr^^r^rr^^rr^'^-^*^-^^^ 

yjCJ^s^to-^rr^i^-orr""-^ 
ssSlStlS^'Srer^/c^^^^^ 

^mny?f?^T^' •* ""'^ ^ instantaneous skin tenperature. The po^ M^e PFnS 

^Tn3!^f«!^^f'^"-!?* ^ toihe areas ofthesMnthatneedtobe tremed. 
»«n^^^^^J^^,;SS^;^^ usIngaCianp rather 

r^'^^rr.-^-s^rs^^^ 
p.oc^X'iS^S'a^ES^:::^.'*^ 

eTof theTumCetebS^e^te^^ ^nce the electrodes lo«2d«t the 

pen^rerrroj^snss::^^^ . 

with the maior axis of tonidal larm 42 ml * Preferably torms a smafl angle 
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may be maOined from metal with Ihe kmer surtaees odaJedZ^ZSI^^tZ^^ ** 
with high refledi^ in the visible and utoS^S^ ^*1SSL^S*^ b a very good reReetar 

. n»=«nedinonepleeeandlh««rtXSa^^ 
. gnUionolthetor^telflasht.d^i^Z^^'*'*'^^ 

» ^^^^ 

,5 «"0*crti)-Cos(p).[n,*Aia*.1J«6in(« 

In the conical porlton of the optl^ 
from Equation 3. Trappina is DossUe onh/ if n rl m^I!^ ineirwaence angle ft is larger than vl^ calculated 

» •ec.ono.m.iiberwili.lsobetap^i^^el;^^^^ 

epti^^'^J^SjtS^'',^ 4 «r. also be used with a f lua rmng the ^ beh«en the reHoctor and th. 

transitions, such as the transiSoo between »• JJSclS^^ ^ assoaated with fllass to air 

a inne.lhenitsrefractivwlndexcanbes^nal2^^^ 

fiber. evenHcore/S^^^e^"'^'^'^*''^*^'^*^ 

AnollwwjirolconriBurinothefiberintherenectorisbyosi^ ^ 

diam^rreSX^b.t^sr^'Ss;:^^^ 
liflmSre'^r^o/s^^'rr^er^^^ 

cflas. The bundles maybeei,cular,,SSSlTaSS2^^ 

Aite-^^S-'^rcssx^fsr^s^ 

Ineitt^reasethS.may'beMto'SSlS^^^ 

.eS.^^r^r-.tisr^ 

Shape of the vessel being treated matches a rectangular linear flashlanp and to match the 

absabing dye dissolired therein Thua lTT^ . ** ***" **" « that had an 

«bsort*^d^A«erhSlS;aSa?S;SefW^ 

Both 01 these liliefs a«aeo*ino HtoTTha I'T^i^'*^"* hput end) of the Boht guide. 

theva,iousfiRe«dSerlbeXei^3^S^^^^'*^ 
useolthefiHenideserlbedearBr;;;^^^?;^^,"^^^ 

«P«cificliBhtflu«a '^^*°^**°*«*»'«»«*»w<>««*ii,pert*^^ 



7 



EP0724894 A2 



nrtArioe Ia4»0 a <t t— ^ ^ . . 



arteries less than 0.1 mm In diameter • 520-650nm 
veins less than 0.1 mm In diameter • S20-700nm 



55 



" -••>•. wall - «xv-/wunm 

vessels between 0.1 and 1.0 mm In diameter - 550-lOOOnm 
larger vessels - eoo-IOOOnm 
^««^thesWnisdarter(hiflherpiome^ 

VVhen beam 501 exits HBWffliLmft^^ 
lively, the user can 8tf«*^ i eS^^ 

^^^^ '"•""•'«***««»'*««««'Wto<»»«Mholpeneti«kyineedrt 

^e.e.r3r^?s;t^ 

Tlie eiwgy arxl power densities MiaJ can !» aehlMid hi» Hito ■-•-v 
in surl&ce treatment Of medical aDoli£^to«i:hri*^^ 
ties can l« estimated aTS^^SS,^^^'!.?^ 

obtained. FbrembodInwJS^sho««ta Fta^^ ^ «>«onthetocusof25lo30Jmaybe. 

aaoss-section^^ZS^d^S,^^^ 

«it(i this eross-sectloa This coTO^S to D«^^^^^ 

used in medical or material proeSSSS^ *^ '^^ 

.u,e?.rrsirer^i;r«s^^ 

would be ^. to 300J/om». IS. e^ de,^e^1l^l?f„ZX*ir at the tocal area 

we« ash medical applications. **"'*^*''*«*^'"''**«*<aldeanln9andp»oeessln9appl^^ 

lamp enwIeoBloa.^. «L n^!T^?^J^ """" " ^ «»>« 101 Is wound around a lano 102 md a 

ssxrdSr«rKSi*tr^^^^^ ..s^" 

fiber output 104. One Bmtetion rtZ^«5«a«^!^f^ 
-ich,se«Hed^.he«*.to„«^rrit^^-.l'^^^^ 
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exanple. a 4- lamp with a rnear eleclrhMl enefBy iiwut of aoojft^ 

water based gel^ is ap^to *e tiS^^^^S^^ IS "^""^ * *^ 

l^a^aghtpasseslouBhthe^^^e^t^'r^e:^ 

IkiM and reduce its pmrtjLi Wott^ 
wned 00 lop Of SSS,^ 

out of otessw other ^a~,5^I2^retS^f^~^ ^« Iransparent plate can l>e n»de 

« P-acedlndir^^SSTt^l^S^^^^"'^'^'^^'""^ 

than that of the air. As a result a^hotm ttetl^3^^ 2S 2fS,2?S^2^!!l£2L*l?^ that is laroer 

« enough. The iS^^SSiTrtSS^S^^^ 

of refractioa The Wex3^.wSSdtB^S^^S^Tj^^ Vteter based gelswni have sinSter Intfces 

aeoom^.hedes.red,rea,nj;«r^^^ 

ss Window was used to generate a flat taver Af HiA 



of commercial water tKised i 



flwtWnfllasaandthegelandWofte^cL^S^lS^to^^^ 
naion was tested wilhpUinlZw^rirotoMZ,?^ 
causing damage tethe^ST-nteK^to^^t^^ 
with the same^,iSIl;I^»Xl2!SS^^ 
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'"27** altemalh/e enfcodiment the spectrum ol the DgM used lor treatment is eortroted by eontrolCno the volt- 
(sdepeixlertoothevoltBaeaixlojiiertprerfcledlotlieflashla^ 

tl^^l^a X^^^T^""""^ range ot 800.1 OOOnm. Suet, a spectra Is partolarty useM 

"P«f«**^eapabtertbelnQeonnectedb,el^ 
Aserie80onneetk»waip«*l(Je8reralk«^ 

puses (1 to 10 msec. e.o.)useMlof treatment ofsmaUer vessels. -"hbtow 
A parallel connection pn)««es a tow eunert and voltage, and thus produce 

SS<;i!^i;5r'' 

^ifS^^ ** rS?' '^'» 01 t)eing turned both on and o«. such as KSBTs. amyX t>e" «J 

15 a ^T^^IS^f a high voHage sou«» 122. a capacitor I^^Z^ 

05. a swrt* QT01. a diode 06. a diode D7. a resislor R5. a capadtor C6. a GTO trigger generator toTb 
"1^ " ™2- The" eonponente are con^to U 

and save to pro«le me power pubes to flashlanp 14. The duration and liminol «• pi*««iSadto«^ 
ance «lh the description herein. Driver 121 operat^to the manner deseflbedM«r 

'2''«*afl6sourcei22isconnectedacrosseap8eiiofbankC5.andcliarge8eiael^ 
conTigured in the manner described atxive. -^innjiiui^ am narau 

tlvelv^!^2^2L'ii^*^ "fbshtube trigger generator TTChreate down flasWamp 14 and creates a rela- 
SS^er^^SS^TSrtSS^ capacitor C7dun^^ WoflasHanpU. 

h flashhnp 14. In this manner a pre^discharge is provided that pre^ 
fl^*anpi^4 to^po«w pulse. Capadtor C7pn»v^ 

Jl^«f««^-f«»*GTOilstumedonvta«pU8ef«rnQTOfc^^ 

flasWanpl4and capacitor l)ankC5.TI«*e*aellorbankC5dteSg««^ 
P^vKjedto^^ 

n,.t^!f.lSl^!^,"™ detennined by the desired pulse widB, has passed. GTO trigger generator TR1 PRivkles a 

s:^r^*?:?;s?rvr:s3s^^ 
r^rdrs^trarrr«x>T'-*°-^^ 

olatSSTniKli^t'lSf^^'l^ burninolhe epidermis. The epidermis has a cooling Itae 

^^JS;.^L^'^^''*^'^^'**«*«'»»^«««toalh*lhesWn 

cS^J2^',^l;:!rr^ «»"°"»« .hey haJ^?^ oS^^t^ 
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Typical delay times are In the range of 20 msec to 500 msec. Mitf A -*w^ 
fe«»x The rtaop««essof can ba usedtop^i^^ 

apparenf to thoselhiDed in ftTaJ^oa^ jttSlJi^^S^^ nxxHIcalions and varialians wiB be 



aalms 



2. ""Wlwattienldewiceof claim UUrthercharacteriied in ttiat 

a Mcond abwrtiinQ (iltef Is dl8po8«d beN«en IN flra flitef and Ihe Ir^^ 
X ^••'Mlnjnldei^eartclalmafUrlhafdwMi^ 

IIOW Ou«a t. mad. ««m « nwerlal IndudlnB an at«ort«n9 dye a«l is the 

e. ^»'™a«-«d«ic.<rfc.,i„5ftrt«reha«cU^,„««.ueooft^ 
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, *ellgW9u««twnsnflsllB«suehihattl«Wte^^ 
bMteedhresponsetoadesiredtreatmertdeX^^^^^^^^ 

«. . "Hw twabnert meftod of claim 7 liirthef charactBrized h 

«. 'n»«raalnw*<nell»dofelalm8^ 

lhelloWls«eredbym8seeondab80rt*,fflto,,,tt,,8Mp^^^ 

11. TTj|^««m«h0dc.daln.,0tu*^ 

12. ^'«««-«'««^otetalm7h«*erfcKWi„^ 
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FIG. 1 




FIG 2 
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